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(57) Abstract: The invention discloses a MRAM (Magnetoresistive RAM) based on vertical current writing and its control 
method, the operation of information writing in the MRAM unit is completed by the corporate effection of the magnetic field 
generated by the current parallel to the MFC unit and the other current vertical to the MFC unit and passing through this unit. 
The advantage of such structure is: eliminating a word line (WL) of the current art especially for information writing, reducing 
the number of meta! wiring layers and the contact holes, reducing the complexity of MRAM's structure, difficulty and cost of 
manufacturing process. 
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it MRAM #-70 1 ^^-f-^i^^ft'^^i^^M^'f^-^-;^ MFC 
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Random Access Memory)t 6^ii'fc#->ti, il^ RAM V-^ A}f\^^h^i^'^}^W0^ 

( Magnetoresistive RAM), %^ MRAMo 
MRAM t'ft^^^^^— 

10 t'^A^^ 

— s MRAM t ^^M^%l%^^^7t MFC ( Magnetic Film Cell ) 

[Fl/NF/F2]o Fl ^F2^^^4-^'l-^##^, NF NF 
Fl M:^ F2 >gr-^|9l o Fl F2 f^JL^>Ly^-'M^it^m^^^ik^Y^^M: 

^ ij \±7>i: )o A^m'\±^^Mz^M-A^^'i^ , ^yf-.^^ O.Srnn 3.0nm . 

^>^i*#6^;f^'j!i^^#^##■¥-7L, ^FK ¥2^^m^^^^nnH, 
^^TLMFC^mitj-fl^^^^Fi^^i^; rS^^FK Fiit^m^^^^^njS^^, 
20 M##-¥^7t MFC U'J £t! 6^ ^ FiL^^ o 

IDjth, ^^'l-i^M##-^iLMFC#^4-i^4^^.fe^6^^F-a-^^'^' itii?!^^^ 
'|-4.^M#'f^#-it MFC t ll ^M:^mt'f-nk4T4ijM:^mt:^^, n?^^k^i^^'lt 
4; i7i7iti±^^P!'J;Ft'I-i?^M#'f*-^;^MFC ^^'feFJ-^j^, ^PT^^^^^^^-fW^o 
^ > 6^ MRAM 

25 i) itit'f J^;?) 6^^t'l-±?t^M^#^it MFC 1 P^-n^. it MRAM 

^^mm%^^^m^JkX, ^'^^^A-^Mi^MMi. M2. M3 ^—A-at^iJk 

^MfMTMo l^T-^^^RWL, ^M.^GND. WWL ^^i^ BL ::^^'J 

m^M-M.^^^7t. MFC t^t46^^/^i±7^i^ BL ^n^^ WWL ^"fe^^I^ 
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m^^^'APf{f'^m-&^ii^^^^^m^^t.m^M-i^^^^7L mfc ^^^M: 

5 '\±m^^^^^^ MFC t'ft.l.^^^^^i^^^ 

MFC 1 6^^t-trJ^!'J ^-i^^^K RWL ^^tf'J , ^^Lif 

gt#^— ^li^'fi^ BL ( ^M,^m,M M3 ) MFC. it>:^^ 

y^yi: TM. -^^li^JL. -^Mt^^MMl. ^^^l. ^Mf^^M: Ml. 

10 ^-f ATR E s ^n4^-f ATR E ^ GND 'fe n.it^o IS) jtb , ^^i^ 
BL ^—^^m^i^^y^^, ?PT^:^t'I-i^M##^iGMFC ^PiL^^,^o 
^j):bgp^mT^t'l!i^M'^#-^it MFC "^^t.Mi^^. 

rk^jL^i^, iM^^m^ MRAM =->^^^yi^^>ir^::^;S.— ^i±/:^ 

^^#MRAM^#Jitif:J.^. ^^l-, ^ 

15 ^'Jit«^/^M#-ft^itMFC-^lt, ^^jkX^i^i^^l 4t 
:?L. ^fe^-Zh^i^iS^Ji^^^, -f^^^t'l-rt^^l^^^J^^TGMFC-^'jitiS^^^^S^^ 
mSL^A, 'S^-M^^f^^^it^M^^J^z:^m. (i^trk^^^^^Jl^m^ CMP, 
Chemical-Mechanical PoUshing) tfii'M^M'lSL^m.^^M-^^^^J^S^^'f- 

20 

4t^^]^>i:^^^ : ^^mns^^^MBm^M-^^^^^ MFC t ^t.t^^T^^^ 
^^—A-^^f^m^^^^U^^ MFC 6^%>.tv>^^^— ^#J:i^/ft'I-4.;^M 
##-¥-70 MFC . ^-i^^^iL 6^ 4 yjlPJff i 6^ ^ isj . 

^ m Jiii;Ft l^^>M^:^##ll ^4^*'J ^ 6<j — , 

30 H^^^-f ATR #-7L^ij^6^#«^^#f 'J#-7tF-^^-j , im^m^\^^f^^'] 



2 
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^/f^^'l^M^^'^^-^ MFC ^^^ikit^^MtM^Plfi^^n^^ ATR#-it^iIii 
^; VJ^y^^m, WL ( Word Line ) ^^B, BL(Bit Line), ^-^^^^^ WL l^l Bt-^A 
P^i^^^^ ATR P)T^^±^ BL ^ MFC 

J^:^, -%^>/fii.^l^ WL i, -%^ir^^^'^^;^M^##-iG MFC Jl-^^Bi^, 

5 # JL-^>ft'fijf:M###-7L MFC 6^ io ^ MRAM P^^'J t 

10 t ; mi-M-mm^^-^ MFC ^ij^6^###^7GP-^^'J ; it>:4^ 

yi,>^, >^>1-ii./ft'l-:i^M##-¥-^ MFC i^^itit^A.'^M,M:^Pf^^^^^^ ATR 

WL ^^^-'fi^ BLK BL2, f^^^^WLn^'^A.Pfr 
ii^g'f^'f ATR ^>^3ii^#->fi:^BLl. BL2 ^ j:^/-^ii>»^M-#'ft#- 

MFC 6^_h:^, BLl ^m^^^% WL ^EIX^Jl, JL-^^m^^M^-ft 

L5 -^70 MFC ^.Ft-f^^i^^ J:, ^i^^ BL2 ^ ^-^ii/Ft'j-^^f^M^^-f-it MFC Jl^^ 

^ m_hii;ft i!C*ti#^##ll 6^ ^^'j ^ ^ ^ ^^Mmn^^^^^B^ , ^ 

m^g^f^-f ATR#-it>i^^6t#^#-*^^^'J-¥-7tP^^'J, i«^4t#j#-7LP4^>J 
^^^-^-f-#^#^t; «ri?f ^^^-f^^-itMFC^^i^^^/^^^^TtF^^'J; ^I^^JL 
>0 ^ ^i^-kM,M: , m^m±^$J\^^^M^7L MFC 15: i^m^^^l^ it^^MjM:^^^ 
i^^^^^ ATK^Tt^n^^; vy.A.m^^^WLl. WL2^^^^BL, /-^i^^^^ 
WLl ^-^A^Jf^^n^^ ATR >^/f^i.^^ WL2 ^PJfi^^^B, BL 

^^>ti^-/P^'hi^M^'ft-¥-^ MFC ^_h:^, p}f^^3L0, BL -^^>'f^i^^ WL2 ;)=@ 
# j- , #-iL-^ «:i?^M^##-7L MFC 6^ ^;ft^-b^ # i , ^ WL2 

MRAM^;i^6^J_^')-i. f>JitJi^6^5«^JL^*^;^<. 

50 mmiK.m 

m 1 Am;f^l^t|5t;fc«^:M#llMRAM^^^#^^6t^^l^7F^®; 
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m 2 ^;^^m^M^^^^M.^^^^^M^M^^i^^^^^^^i 1 6^ 
MRAM -f-TL^^^^ ® ; 

5 "i^yf^-^-M; 

MRAM S ; 

10 a 7 6^ ^;^^?'J 1 6^ MRAM #-iGli^^ ^ — ^'J^fJ^LS ; 

^ -^'J 6^ MRAM S ; 

s 9 A^^m^^'^']2^^^^m MRAM^Tti^^^^—M^^mo 

MRAM t^J-^V/t^^^'^: 

m^^il^i^ MRAM ^A.#:#^l^>^-f-#i^##-S^iG-f-S6^4>.^^^^^^i^ 

J^TG-I^ ^ 6^ — ^ ^ a./^ 1^ /Ft'ft ^ 1^ Ji 6t 

^;5fe'f?'J 1: 

2. S3 ^Jf-^, MRAM ^'ft^t^^^^'l-^^M^'ft-^iL MFC P^^'J i±J 
MRAM 1 M^iTn^, ^—4" MRAM 1 ^ , 

30 MFC2. ali^'f ATR4. it/:i-^yi,y& 3b. #j|4:?L 3e -4 3f ^— M 

^m,, n^: >fi:^BL3a. WL 3d ^X;S.i^k.lM. GND 3co /?^'l-^^M^#-¥-7L 
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MFC2 ^ B^-f^-f ATR 4 i^it^t^Mj^M,^ 3b MS.^^. ^^MjXm2.m, BL 3a 
:^%;^m^M-M.^^^7t MFC2 ^_L:;5r#JL^«i^M##-¥-7G MFC2 Jl^ 

^^Wi3f)\^, #>MVIRAM#-7G 1 \±;#-f->ir 5a> 5b^ 5c. 5d. Se^j^J^, 

^>Ly^mM: 5b> 5d, Kp^i^^ BL 3a/>^^y^ 5d GND 3c. it/:&-^/^Jr 3b 

m^Mz 5b, >?t'l-^^M###-iG MFC2 ^ BL 3a 6^T:^ JL^_L-#p 

M BL 3a J:#^9i$:^; MFC2 ^ T"^ ^^iti±i±>:l4r 

3b. ^^:?L 3f ^B^g-f^-f ATR 4 6^^^ 4c ^@i4:#„ m^M^^i^^^ 
10 MFC2 i] \±7y^6^^^t'fW-^^i^^BL3a6^-^ii:^i^;^@X#jL„ 

^li^^T^m^^^^^^^^ BL 3a JL^^^it.^^W2t^ ;»e'J-^<»— #15^^ 
v.t^a.^i;^t'jii^M##^7C MFC2 JiJM.^ GND 3c ^iti^_b, "S^-^ 
MRAM P^?>J t ^"^—^^^ BL Jlt5:^— A.>hF^>i^^^ , 4 ^/f^;?^? 



15 ^ ^ , I< Is, Ai-^^^^ 6^ ^ v.tu;tp/A^i^ BL it iifi? 'M^^^']^M-f^^ 
^^#-70 MFC 6^^v.t„ Is^^^^;^'J^\±7^^'|-±^^t###-7t MFC ^^M^^m^^W 

7G MFC ^/ft^^t?#o ^ i>isBt, ;^mM.^n.^^^Mr^th=i,JLh+i2=h ^ 
^fjL^;^m^s,^n^X^^yM. h ^ ^^-^^t'j-^^M^-^t-^iG MFC ^^S? 

MFC i) jk]M:^i^^m^^^m 5 ^/f^F(I2 6^^^^:^-^.^>ife^ 
^Tb^'J )o T±J 'fev.t iif'^m^^^^^^^M-M^^^^^ MFC 6^ ^M^^^^^Jl, 
ifi7\±7^>;l.l2>/^^^/P^i%i?'JA>ft'l!i^J^^##-7GMFC ij jk}M:^^ii^^-^Mm, 

15 ^^M^tL MFC ^P MRAM t^t^^^^^o iSLHt I2=I " Ii=I " Is' 

'^6^>t'J>'iLi±7«:i;^M##-¥^7tMFC ^JL-f^^ 

Is^^yn.f' MFC 
#?#o ^i^MRAMP^^'J:^'b^6^m^^>;i^;^-r, ;^^:5fe'f?mMRAM^^^^ 

>,tjPs^— ^, ^PI=Is+l2o 

50 Je^®2. m3 ^f[-^^^^m, ^MRAM ^^-f-iiLT#fcl:?#:^t » 

WL3dl^— ^it^6t%-1^>'>^^^Bli'f^'f ATR4 ^-f -f^it^,4, 
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f^^A.4ki^^it^43.^% BL 3a Ji-^>v— 4^-^ fctj ^>,t, Jll'j-^ iii ^'A'^^^X BL 3a 
^^m^M-^^^^^ MFC2. i±>:t-^J,>g: 3b. ^M^L 3f. ^^^^-f ATR iM,^ 
4c. sli'^'f ATR UU. 4a. #I4^L 3e i7f7 3iJ4^ GND 3c, >^iS7^:^t'l!i^f^M# 
-ft-^-^t, MFC2 ^ 4 FJL^'i^^b , ^? MRAM #-7G 1 t ^ MRAM 

^^'f ATR4^i"^it^^<<&, ,^-^^.jfe^i:^BL3a_L^7v^7v^a.» ^FP^^^^M^ 
^^#>/?lTit^^^>;^^.t^^-f ?>^j^#^t'|-i^M^^*#-iL MFC2 Ii 

^^i.i=-?>^i^#;?^'l-±^M##^iL MFC2. ^JLa.^#:i^#;ft'[:i^M#^#- 

MFC2 ^ij GND 3c I2, '^^H j^^6^^^^t^#-f-St«:t^l^##-¥- 

BL .h^^F^Vyt^Ai^^T^^^i^J.^^^^ MRAM f^H ^t^hlD ^5$-t > 
^;5^^'J 2: 

-k^me. mi^f^^^ ^— ^ MRAM #-7L 1 t » 
15 7LMFC2. g^^-f ATR4. i±>:^^^.^ 3b. ^^)|i^L 3e 3f ^— IJL^^^, 
^i:!^ BLl 3a. BL2 3g. WL 3d VX:^ih^ GND 3c„ 

7t MFC2 ^H^g^^'f ATR 4 m.^iti^-^M.M: 3b ^SXii:#-o ^^^Jl, 
BLl 3a. BL2 3g MFC2 ¥}X^if-JL^±^ BLl 3g 

2 Jl^^^Bii, |53Bt-^-¥^iG 2 #^|^^m#;^iX#^jL; BLl 3a 4 

20 BL2 3g ^±7l^^|->ir 5e F^^ , :?f JLi^;|r#:jth^#„ 

:^cr® 7^;f^, #^MRAM#-7L 1 5a. 5b. 5c. 5d. 5e. 5f. 

5g. i^^M'f ^A^^i^^^^^t^¥tiS.^J^i$r^S.. ^ MRAM 1 

5b. 5d^5f, Fp^i^BLl 3a^-/f^>ir 5f. ^^Bl,2 3g 
;-;r^>i: 5d GND 3c. it^A-^M^M 3b ^>^^yi- 5bo 

25 MFC2 ^M-;^^iLi% BLl 3a. BL2 3g i^y ^ 3.^JiL4^^^:Lm2.i% BL2 3g JL^ 
M']^M-]&^^^^7t MFC2 6^T-*P^^^iti±it>^^yi,>^ 3b . ^:^I4^L 
3f ^ ATR 4 ^S^^ 4c m^M-^^^i^^^ MFC2 t ll i±/>ir 

6^^Jt'f^:;5^i^-^^i^BLl 3a. BL2 3g ^-^ii::^i^;fi^#jL, BLl 3a 

BL2 3gMS^^^f. 

30 ^4^^;5l,1'?'J^^-f-ii]i-^i]:!#:#t . WL3d^— ^it^ 

6t %-^^>^'^^H^E|-^^'f ATR4 i^f--f-it^i^, f^^A^i^^ms.^ BUI 3g J^-|^7v 
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— tij 'fe i/t , H'J-^ it! ^ BL2 3g i^m^M-M.^^^fL MFC2. i±>:^ 

3b^ ^m^\- 3f. «1i#^'f ATR 4c. ali^^'f ATR >:«f>;^^ 4a. -^li^L 3e 
i?i7 3iM.^ GND 3c, >M^i7^^:^t'lii^M#'ft-¥-^ MFC2 ^1^6<I^PiL^,^, 

5 WL3d^— '1-it^^^%-^^>C^^B1I'f^'f ATR4^i^-|^it^^,^, BLl 
3a. BL2 3g J^^>^— ^t^^^ii/to ^i^i?, BLl 3a Ji6^%>.t 
^^t-f MFC2, 'fi^ BL2 3g Ji6^ ^ >;i#vii^S#:i^# 

M>\'k.m^^^^^ MFC2 T?f^SiJii, GND 3c, 'fe'fn/^i6^^^^t^#-f-It;Pt'|ii 

10 ^^^iHl^^^^iH: 

^^BLl 3a^#?i:^-^^^ WL3d^#o ;^'^>J t ^ ^ WL2 , |SlBt# 

15 ^;^^^^?|J6^-^iili-*£t!#:4tt . WLl 3d ^— ^it 

^ 6^ ATR 4 ^i"-f-it^;«li^, WL2 3g _L 

-f^^— ^h-^fcH^a., JQ'J-^ife'fevii^^^ WL2 3g ^m^M-M.^^^7tySFC2. 
^>A^M,M: 3b. #-j^:jL 3f. B^g'f^'f ATR M,^ 4c. a^^-^^'f ATR 4a. # 
3e i?i7 3ii-ik.^ GND3c, ^L^^l^m^^^^^'^^^MFCl ^M^^ '^f^^ 

20 ^PMRAMJfTOl ^^±ih^^#:#t. -|'^'tlL^?iC2^# 

^^^^WLl 3d^— >hit.^ 6^ 4^^'>'>'ftB%^'f ATR 4 ^i^-f-it^^,^, ^^^^ 
^3L^BL 3a. WL2 3g Ji»'>C— ^^Ht/f ^^^A.^^.. 

BL 3a Ji^ ^ vj^-^#i^#:i^#;Fm^M#^#-iO MFC2, WL2 3g Jl^ % 

-}^um^m^ih^^M'\^M-^^'^^^^^MFC2 i7l75'j3iGND 3c, '&'fn/^:^6^^^ 

25 Mm^^^^tm±i^^^^^7tMFC2¥]m^M^f, '^n?^A7it^^^^^o 



7 
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^ ^'J ^ >it ^5 

5 'I-^/^J^##-¥-7G MFC ii^^y^ui<J.:^^—^^Xi-M>\±M-^^U^^ MFC. 

10 b) M>\±m^^^^^^ MFC ( 2 ) ^^^6^##-#^7LP4^'J ; 

c) 4#^^L (3e. 3f) Plfi^m±^^^^U^^MFC (,2) ^ 

(3f) ^iti^^.^Jr^^^^iiBli'f^'f ATR (4) ^7t^^^^\ 

d) ^^WL (3d) ^^^BL (3a); 

^#4iE^i": /;fii^i:l^ BL ( 3a ) ^^^^;fii«±^^^##-iL MFC ( 2 ) 
15 ^_h^. -^-^jL-l^^iIi^:-l^#JL^«i^M##-¥->tMFC (2) 

3. :^m^^'j^^2/>t^6t^i"^i4>M^6^^t»^#^###, 

^ 4-F^>.fu^M^-^#— ^^ii^M, BL i^mSi^^ MRAM P^^'J 6^r^hli] ^iJ|-t » 

;fi£^i^, Pf(z^m^M-]\%^^^^^ MFC (2) 6^^;^^#^^l±7^y^«±##y&^X 

5. ^^m^5c^'J^^1^4/;f3i^^^i^#J:^>.t^7v6^;FMi^^A^^^ ^# 

25 /-^ii^il^BL(3a)^/>t^^^^^ WL (3d) ^SX^i, ^^t^iWi^l^^ 

#-^^MFC (2) 6^^^t^-b::^i^^^>^ii^il^BL(3a)?^ElX^Jl„ 

6. :^m^X^'J^^5^>^i€6^^i^^J:^ii^^^^^tl^^^#^## ^# 
;fj£^i^, WL (3d) nH'^^^^^nn^^ ATR (4) ^TtmJSIr^^o 

30 #;fi£^-f, ^-^{ii^t^^tit^^t, ^-^^H^B^-f ATR(4) -f-xt, -^itS'fev.tii?^^- 
iiBL (3a) ^\^^^^mi^m^i^^^4^^^MFC (2) t##6^^t4o 
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(5d) ^m^it^A^M,M: (3b) ^j^^GND (3c) P/fM ( 5b )» 

5 a) ^li^'f ATR (4) #-7G^^^6^^#ll^^-^t#'j^7GP4-?'J , -it^^^t^J 

#-7L#:^^-f t ; 

b)«:i^M#'ft-#-7LMFC (2) ;|^^6^###-7LP^^'J; 
c>^^^L (3e. 3f); 

d) WL ( 3d ) BLl ( 3a ). BL2 ( 3g ); 

10 iaS&4#at.i-^^^ ( 3b ), ^Jjii.M'l^M-f^^'i^^^ MFC ( 2 ) 

i^^iMiti^^M^M (3b) ^m^^^M^^L (3f) -^^;r3ig^?i-#^'f ATR (4) #-7L^i 

^/f^BLl (3a) ^ BL2 (3g) i±7 ^^^4^.^ fi^ ^ . ^:^i^_L^EIX-f-#, 
n^m^^^ BL2 (3g) 4/>ti^-«:i^^-###-;^MFC (2) Jl^-^^Bii:^, 

10. ^^m^#'J^^it 9 ^/ri^-6^^i^^J:^5$fe^^6^^»^>M^M ^ 

15 ^;fii^t'I-^;^II^#J^7t MFC (2) 

^^ilL^^, P^ms-m. BLl (3a) ^ BL2 (3g) ^^l^^^/f^i;F»;^^#^#- 
20 tLMFC (2) 6^^;Ft'f4:.::Ti^#J:, JL^;;f^^^^ WL (3d) hij^^^nS-^t-. 

12. 4^m^x^>J^^it 11 ;-^ii^^^--f # j:^v.t^7v^^;ftl^^;L#:^##^, ^ 
^>^ii^^^ WL (3d) N0t#>«;^>;fiiBli#.'f ATR (4) ^fiL^^^^o 

13> ^^,H§,;f5L^0^#. 12^>^3i.6^^i"#^J-^v;^^^6^;FM^#^ * 
^-f*it!^t4'6^^#^t, ^^ri^.B^g^^'f ATR(4) -f^it, -i^iil 
25 BL2 ( 3g ) f 1 7v^^^^>^ii^t'l-^/^M##^7L MFC (2) ^^^M^lt 
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